Acute carbon monoxide poisoning is the most common cause of death from poisoning in the United States. It causes a spectrum of myocardial injury irrespective of carboxyhemoglobin levels and coronary anatomy. We present a 34-year-old woman with a non-ST-segment elevation myocardial infarction secondary to carbon monoxide poisoning who had normal coronary arteries by coronary angiography. A review of the literature is discussed.
INTRODUCTION
Acute carbon monoxide poisoning is the most common cause of death from poisoning in the United States. 1 Approximately 40,000 cases are reported yearly in the United States. The acute presentation often mimics other illnesses, making the initial diagnosis difficult. 2 Myocardial injury may occur as a consequence of moderate to severe carbon monoxide poisoning, mostly manifested as elevated cardiac enzymes and echocardiographic changes. However, there is limited data regarding the incidence of cardiovascular manifestations and its consequences and no known correlation between carboxyhemoglobin levels and the degree of myocardial damage. We report a case of carbon monoxide poisoning causing elevated troponin I without evidence of significant coronary artery disease.
METHODS
The data for the case report preparation was obtained from a thorough review of the patient's medical records. A search of the current medical literature was performed using Medline.
Case report
A 34-year-old African American woman was found unconscious in a running car by family members for an unknown period. The family brought the female into the home and called 911. Upon the emergency service arrival, she appeared somnolent but was responsive to verbal and painful stimuli. Her heart rate was 132 beats per minute, blood pressure 126/70 mm Hg, and respiratory rate 38 breaths per minute. Her oxygen saturation was 99% on room air. Serum glucose was 125 mg/dL. The electrocardiogram revealed sinus tachycardia at 132 beats per minute. She received 100% oxygen by a non-rebreather mask and given 100 mg thiamine and 2 mg narcan with no change in her mental status. She was transported to the emergency room.
In the emergency room, she remained somnolent. Her heart rate was 148 beats per minute, blood pressure 178/102 mm Hg, respiratory rate of 40 breaths per minute, oxygen saturation 100% on room air, and temperature 38°C rectally. She had spontaneous eye movements with stimuli, pinpoint and uneven pupils, positive gag reflex, rigidity in all 4 extremities with extensor-type posturing, and hyperreflexia. The rest of the physical examination was unremarkable. The electrocardiogram showed sinus tachycardia without ischemic changes. The family gave a history of psychiatric disorder and a medication list that included a selective serotonin reuptake inhibitor.
An arterial blood gas obtained while receiving 100% oxygen by a non-rebreather mask revealed pO 2 of 151 mm Hg, oxygen saturation 98.9%, pCO 2 36 mm Hg, pH 7.38, and lactate 5.3 mmol/L. The carboxyhemoglobin level was 10.3%. The initial troponin I was 1.74 ng/mL, creatine phosphokinase 252 IU/L, and creatine kinase-MB 14.3 ng/mL with a ratio of 17.62. The leukocyte count was 23,600/mL. The urine analysis was normal, and the urine toxicology screen was positive for cocaine and cannabinoids. The serum toxicology for alcohol, acetaminophen, and aspirin was negative. The rest of her chemistry values were within normal limits.
Initial diagnostic testing in the emergency room consisted of a chest x-ray showing normal cardiac silhouette with clear lungs. A computerized tomography scan of the head without contrast revealed no acute intracranial process. Due to the presentation of mental status changes, fever, leukocytosis, and elevated lactate, ceftriaxone 2 g intravenously was given for possible central nervous system infection. A lumbar puncture was performed, and the cerebral spinal fluid gram stain was negative with normal protein, glucose, and white blood cell count. Due to the elevated carboxyhemoglobin level, 100% oxygen was continued by nasal cannula, no hyperbaric therapy was instituted. Repeat cardiac enzymes 2 hours later showed an increase with troponin I 2.72 ng/mL and creatine kinase-MB 29 ng/mL. She was admitted to the intensive care unit for treatment of carbon monoxide poisoning and non-ST-segment elevation myocardial infarction.
In the intensive care unit, treatment for carbon monoxide poisoning was continued with oxygen therapy. The repeat arterial blood gas 5 hours later revealed pO 2 of 325 mm Hg, oxygen saturation 99.7%, pCO 2 39 mm Hg, pH 7.36, lactate 1.1 mmol/L, and carboxyhemoglobin ,0.1%. The mental status changes improved gradually without neurological deficits noted. Oxygen therapy was discontinued. Treatment for non-ST-segment elevation myocardial infarction consisted of intravenous heparin, b-blocker, angiotensinconverting enzyme inhibitor, and aspirin. Upon interviewing the patient, she denied chest pain, shortness of breath before loss of consciousness, or risk factors for coronary artery disease. The repeat electrocardiogram 24 hours later revealed normal sinus rhythm without ST segment changes. A 2 dimensional echocardiogram 24 hours after admission revealed an ejection fraction in the range of 55%-65% without left ventricular regional wall motion abnormalities. Heparin was discontinued after 48 hours. Cardiac catheterization was performed 3 days after admission. She was found to have normal coronary arteries and normal left ventricular systolic function without segmental wall motion abnormalities (Fig. 1) . Her estimated ejection fraction was 60%.
The leukocytosis resolved without any further antibiotic treatment, and she remained afebrile throughout the rest of the hospitalization. The troponin I peaked at 2.72 ng/mL, creatine phosphokinase at 2269 IU/L, and creatine kinase at 56.8 ng/mL, which resolved during the hospitalization. She was discharged after 5 days without evidence of any neurological or cardiac sequelae.
DISCUSSION
There have been reported cases of carbon monoxide poisoning causing myocardial ischemia or infarction in the absence of significant coronary artery disease. Multiple mechanisms have been proposed. Carbon (5) www.americantherapeutics.com monoxide competes with oxygen for hemoglobin, and its affinity for hemoglobin is 200-250 times greater than that of oxygen, causing a leftward shift in the oxygenhemoglobin dissociation curve. 3 This binding of carbon monoxide to the hemoglobin molecule causes alterations in the hemoglobin molecule, preventing oxygen from being released easily, which causes a reduction in oxygen delivery to the tissues, resulting in tissue hypoxia. 3 Carbon monoxide may bind to proteins, including myoglobin and cytochrome c oxidase. 4 It has been found to bind to myoglobin in cardiac and skeletal muscles at carboxyhemoglobin levels of ,2%, further interrupting muscle oxygen transport and hypoxia. 2, 5 It may bind cytochrome c oxidase, which is an enzyme in the mitochondrial electron-transport system chain that produces adenosine triphosphate by catalyzing the reduction of oxygen to water. 6, 7 With the alteration of mitochondrial function secondary to hypoxia from alterations in the hemoglobin and myoglobin-oxygen binding, the myocardial cells are predisposed to temporary contractile dysfunction. 8 Other mechanisms of cell death secondary to carbon monoxide poisoning are oxygen radical formation and subsequent lipid peroxidation along with induction of cellular apoptosis by nitric oxide secondary to high carbon monoxide levels. 9, 10 Carboxyhemoglobin may also affect coronary perfusion. A study by Ayres et al found that increased levels of carboxyhemoglobin saturation of 9% for 30-120 seconds in the absence of coronary disease resulted in increased coronary blood flow, increased myocardial extraction ratio, and decrease in coronary sinus oxygen tension. [11] [12] [13] Microscopic cardiomyocyte structural changes have been reported as well. Tritapepe et al 14 evaluated the structural changes in a 25-year-old woman with heart failure from carbon monoxide poisoning. Normal coronary arteries were documented by angiography. Endomyocardial biopsy was obtained. The electron microscopy findings revealed swollen mitochondria, slight intracellular edema with occasional focal abnormal mitochondria, and large deposits of glycogen in myocardial cells. The glycogen deposits were suspected to be secondary to hibernating myocardium because there was no history of chronic disease (myocardiopathy, congenital cardiopathy, or glycogenosis). They found decreased uptake in a Tc-sestaMIBI scintigraphy despite normal coronary arteries, indicating stunned myocardium likely secondary to mitochondrial impairment. 14 An increased thrombotic tendency secondary to endothelial damage, increased platelet stickiness, and alterations of the fibrinolytic pathway have been shown. The increase in viscosity and polycythemia is likely to contribute to acute myocardial infarction in the presence of normal coronary arteries and has been proposed as potential mechanisms. 15, 16 Multiple studies have demonstrated the absence of correlation between carboxyhemoglobin levels and severity of cardiac symptoms and electrocardiogram changes. Therefore, it is difficult to predict which patients will develop cardiac injury. Alterations of the ST segment and T wave were the most common abnormalities seen with carbon monoxide poisoning in a study by Van Mieghem et al. 17 Satran et al, 9 looked at cardiovascular manifestations of moderate to severe carbon monoxide poisoning in 230 patients and found that the most common electrocardiogram abnormalities were sinus tachycardia (41%) and nonspecific ST changes (30%). In this study, 2 different clinical patterns of myocardial injury were found. The pattern seen in younger patients (average age 43 years) with few coronary risk factors but severe carbon monoxide poisoning was global left ventricular dysfunction by echocardiography, which improved or resolved. This was consistent with stunned myocardium as a result of carbon monoxide poisoning. The second pattern was seen in older patients (average age 64 years) with higher coronary risk factors. These patients had regional wall motion abnormalities suggesting that carbon monoxide poisoning unmasks underlying coronary artery disease by creating supply/demand mismatch. 9 
CONCLUSIONS
In conclusion, carbon monoxide poisoning may cause a spectrum of myocardial injury irrespective of carboxyhemoglobin levels and coronary anatomy. Multiple studies have demonstrated that carbon monoxide poisoning has multiple effects at the cellular level inducing cell stunning and necrosis. If carbon monoxide poisoning is suspected, baseline electrocardiogram and cardiac biomarkers should be obtained. In the presence of positive biomarkers or electrocardiographic changes suggestive of myocardial ischemia, further cardiac workup and monitoring should be considered. The long-term prognosis of these patients remains uncertain.
